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A method for increasing the perme- 
ability of wood which comprises subjecting 
wood with a moisture content (based on dry 
weight) of at least 15 % to microwave radi- 
ation at a frequency (0 in the range of from 
about 0.1 to about 24 GHz with a power in- 
tensity (p) from about 10 W/cm 2 to about 100 
kW/cm 2 for a duration of from about 0.05 
to about 600 seconds to cause water in the 
wood to vaporise resulting in an internal pres- 
sure in the wood such that the permeability 
of the wood is increased by partial or com- 
plete destruction of ray cell tissue, softening 
and displacement of wood resin, formation of 
pathways in the radial direction of the wood 
and/or by creating, on the base of destroyed 
rays, cavities in the wood, said cavities be- 
ing primarily in radial-longitudinal planes of 
the wood, and wherein the overall integrity 
of the wood is substantially maintained. A 
wood-based material may be formed having 
a permeability which is at least 5 times that 
of the untreated wood. 
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A METHOD FOR INCREASING THE PERMEABILITY OF WOOD 

The present invention relates to the treatment of wood, and is particularly concerned with a 
method for increasing the permeability of wood, especially moist wood. 

5 

The treatment of wood by impregnating it with preservatives and other agents, such as for 
fire-proofing, is very well known. One of the problems of the impregnation treatment is 
ensuring that the agent has impregnated the wood fully or at least sufficiently. 

10 It is also known to prepare wood for impregnation by using steam to raise the temperature 
and pressure in the wood and break down some of the wood cells (after the pressure is 
rapidly reduced) and thereby to improve the natural permeability of the wood. Updated 
steaming specifications for, for example, round wood radiata pine steam conditioning 
recommend the use of steam at a temperature of 127 °C and pressure of 138 kPa for a period 

15 of from 1.5 to 18 hours depending upon the thickness of the wood before the pressure is 
rapidly reduced. While this treatment does help to improve the impregnation process, it has 
several disadvantages, particularly the duration of the treatment and the requirement for high 
pressure steam. 

20 It is also known to dry wood and to form fibres by destroying the wood structure using 
microwave energy. It is important in drying the wood using microwave energy not to damage 
' the wood and special drying schedules have been proposed for different wood species. In all 
of these schedules the microwave radiation intensity is very low, below 5 to 10 W/cm 2 , in 
order to avoid damage to the wood. 

25 

Destruction of wood using microwave energy to form fibres is performed at a considerably 
higher radiation intensity, for example up to 150 kW/cm 2 , with the aim of heating the 
moisture in the wood to form steam very quickly and in sufficient quantity to entirely break 
down the structure of the wood. 

30 
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According to one aspect of the present invention there is provided a method for increasing 
the permeability of wood which comprises subjecting wood with a moisture content (based 
on dry weight) of at least 15% to microwave radiation at a frequency (f) in the range of from 
about 0.1 to about 24 GHz with a power intensity (p) from about 10 W/cm 2 to about 100 

5 kW/cm 2 for a duration of from about 0.05 to about 600 seconds to cause water in the wood 
to vaporise resulting in an internal pressure in the wood such that the permeability of the 
wood is increased by partial or complete destruction of ray cell tissue, softening and 
displacement of wood resin, formation of pathways in the radial direction of the wood and/or 
by creating, on the base of destroyed rays, cavities in the wood, said cavities being primarily 

10 in radial-longitudinal planes of the wood, and wherein the overall integrity of the wood is 
substantially maintained. 

There is also provided wood whenever treated by the method described in the immediately 
preceding paragraph. 

15 

Using the method of the invention, it is possible to selectively or randomly treat wood and 
produce wood having regions of differing permeability. Therefore, according to another 
aspect of the invention there is provided wood having regions of differing permeability, 
wherein at least one of said regions has been treated to increase the permeability thereof 
20 relative to the untreated wood. 

The microwave treatment of the present invention increases the permeability of the wood 
typically by vaporising water contained in the wood to create an internal pressure and a 
temperature above 100° C resulting in the modification of the wood structure by any one or 

25 more of the destruction of ray cells in the wood, softening and mobilising of the resin in the 
wood and replacing it at least partially with open pores, and the creation of thin radial checks, 
resulting in cavities disposed mainly in radial-longitudinal planes. There may be no 
substantial drying of the wood during the process of the invention. The present invention 
may facilitate in-line processing of wood such as for impregnation or fast drying. That is, 

30 the thin, radial checks and cavities formed by the method of the present invention may allow 
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more effective impregnation of certain treatment agents. The thin radial checks or cavities 
may also allow faster subsequent drying treatments than compared with the drying techniques 
conventionally employed in the absence of the treatment of the present invention. For 
example, hard wood species (i.e. refractory woods), such as eucalypts, may experience 
5 internal checking and collapse upon fast drying without the prior treatment of the present 
invention due to excessive pressure build up within the wood. 

i 
i 

t 

The microwave treatment of the present invention is not necessarily limited to subjecting the 
wood to a single microwave frequency or power intensity. The method may comprise, for i 
10 example, subjecting the wood to various microwave frequencies and power intensities in a 

single treatment. Preferably, the power intensity, whether a single power intensity or a j 
number of different power intensities are used, is maintained at not less than lOW/cm 2 . In j 
a preferred embodiment, however, the power intensity is maintained above 10W/cm 2 . 

1 

15 The microwave treatment of the present invention may also be used to increase the 

permeability of a portion or portions of the wood either selectively or randomly. For ; 
example, energy impulses of predetermined duration and separated by set time intervals or 
random impulses may be used to treat the wood. Alternatively, microwaves may be directed 
at a portion or portions of wood to be treated. If a plurality of portions are to be treated, 

20 these may be selected randomly or in a predetermined manner with the proposed use of the 
final product in mind. That is, depending on the required flexibility, strength, permeability 
and other required characteristics of the product. Wood produced by either this selective or 
random treatment comprises regions of differing permeability wherein a treated portion of the 
wood constitutes at least one region and an untreated portion constitutes another region, and 

25 wherein the treated portion has greater permeability than the untreated portion. 

The process of the present invention is preferably applied to the treatment of moist wood. 
As used herein and throughout the specification the term "moist wood" refers broadly to 
wood which is "green 11 after sawing as would be understood by a person skilled in the art. 
30 The amount of water present in the moist wood will, of course, vary depending on the species 
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of plant, but it is considered that moist wood will generally have a moisture content in the 
range of from about 30 to about 200% based on the dry weight of the wood. The process of 
the present invention is also applicable to the treatment of wood having lower moisture 
contents, such as from 15% to 30%. 

5 

Wood is capable of absorbing very high quantities of microwave energy. The microwave 
energy causes the water in the cells of the wood to heat up and boil, creating steam pressure 
in the cells which results in the destruction of cell walls. The ray cells have thinner walls 
than the cells of the main wood tissues (tracheids, libriform) and ray cells are destroyed by 
10 the microwave energy before cells of the main wood tissue. The destroyed ray cells form 
paths in the radial direction for the easy transportation of liquids and vapours inwardly from 
the outer surface. Ray cells form from about 5 to about 35% of the wood volume, so their 
destruction may increase the wood permeability substantially. 

15 The treatment, therefore, advantageously results in the destruction of ray cells while 
substantially maintaining the overall integrity of the wood. That is, the destruction of the ray 
cells may occur without significant destruction of cells of the main wood tissues (commonly 
referred to as the grains or fibres of the wood) resulting in treated wood which, as discussed 
hereafter, will generally have decreased tortional strength, but substantially unaffected 

20 flexural strength in the radial direction. In a treatment of approximately four seconds 
duration, for example, a low frequency (f) of about 0.4 GHz is preferably used with a power 
intensity (p) of about 6 kW/cm 2 , A higher frequency of, for example 10 GHz is preferably 
used with a lower power intensity of about 0.24 kW/cm 2 . Most preferably, a frequency of 
from about 1 to about 2.4 GHz is used with a power intensity of from about 2.4 kW/cm 2 to 

25 about 1 kW/cm 2 . 

As discussed above, increasing the intensity of microwave energy supplied to the wood 
increases the steam pressure therein to the extent of ray volume that the tracheid (libriform) 
walls begin to rupture. The tensile strength of wood is two to three times less in the 
30 tangential direction than in the radial direction and with increased internal pressure, for 
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example corresponding to increased intensity of microwave energy, the wood may be 
destroyed along the main wood tissues. This results in checks which extend in the radial- 
longitudinal planes. Furthermore, as the tensile strength of the wood in the tangential 
direction reduces, as the temperature (and pressure) increases, the checks may be formed in 
5 the wood at comparatively low pressures. The treated wood will, therefore, generally have 
decreased torsional strength, but substantially unaffected flexural strength in the radial 
direction. 

When subjected to microwave energy, any resin in the wood softens before melting and 
10 boiling. Steam pressure in the wood forces the soft resin to be displaced from rays, leaving 
pores or cavities in the wood. This is a particularly effective means of increasing the 
permeability of wood having substantial quantities of resin. 

For the softening of resin and its removal from, for example, radiata pine in a treatment of 
15 about 12 seconds duration, a frequency of about 0.4 GHz and power intensity of about 2 
kW/cm 2 are preferably used. If a higher frequency of about 10 GHz is used, the power 
intensity is preferably about 0.08 kW/cm 2 . More preferably a frequency of from about 1 to 
about 6 GHz is used with a power intensity of from about 0.08 to about 0.13 kW/cm 2 , 

20 The present invention substantially maintains the integrity or overall structure of the wood, 
but provides increased permeability which may enhance impregnation during subsequent 
treatments. The range of microwave frequencies suitable for the wood treatment is limited 
to from about 0.1 GHz to about 24 GHz. It is impossible at a frequency less than about 0.1 
GHz to create sufficient energy in the wood to destroy the cell walls because, at the required 

25 power density, electric breakdown (punch-through) takes place and the wood is carbonized. 
At a frequency greater than about 24 GHz, the penetration depth of microwaves in moist 
wood may be less than about 10 to 15 mm. This generally will not permit sufficient 
distribution of energy (temperature) to provide the desired effects. 

30 The desired power intensity will vary with the selected microwave frequency. At a frequency 
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of about 24 GHz, it is sufficient for the microwave intensity to be about 10 W/cm . 
However, at a microwave frequency of about 0.1 GHz, up to 100 kW/cm 2 , preferably up to 
50 kW/cm 2 , and more preferably up to 10 kW/cm 2 is required for rapid heating and 
destruction of the wood ceils. Preferred ranges of microwave frequency (f) and power 
5 intensity (p) are from about f =0.4 GHz and p=6 kW/cm 2 to about f= 10 GHz and p=0.24 
kW/cm 2 , more preferably from about f = 1 GHz and p=2.4 kW/cm 2 to about f =6 GHz and 
p=0.4 kW/cm 2 . 

The duration of the microwave treatment within the defined frequency and power intensity 
10 ranges is in the range of from 0.05 to 600 seconds, preferably 0.1 to 600 seconds, and will 
generally be less than 250 seconds, preferably less than 100 seconds, more preferably from 
about 1 to about 20 seconds. The minimum duration of the microwave treatment to increase 
the permeability of the wood is determined by the power of the microwave generator(s) used. 
The maximum capacity generator used in the timber industry is generally 500 kW. 
15 Experiments have shown the highest excessive pressure in the wood for making the radial- 
longitudinal checks must be about 400 kPa, and from a practical point of view it is difficult 
to create conditions for increasing the wood permeability during a period of less than 0.05 
seconds. A microwave wood treatment of greater than 600 seconds is unlikely to produce 
good quality wood for impregnation, but longer periods may be used with combinations of 
20 very low microwave frequency and power intensity. However, commercially such long 
periods will not usually be acceptable. 

To achieve wood modification (for example improvements in permeability) in different zones 
in the wood advantageously microwave radiation of different frequencies is used. For 

25 example, if timber has a cross-section of 100 x 100 mm, microwave modification may be 
achieved using a frequency of 2.4 GHz. The wood may subsequently be modified to a depth 
of 20 mm in which the modification is restricted to the ray cells. If a frequency of 0.915 
GHz is employed, modification in the central zone of the wood may be effected by 
modification or destruction of the ray cells and formation of a number of cavities in the radial 

30 - longitudinal planes. 
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Wood cells have a maximum absorption of microwave energy if the electric field strength 
vector E is oriented parallel to the length of the cell. Rays are generally aligned in the radial 
direction (perpendicular to the main wood tissues (tracheids, libriform) so that the ray cells 
will have a maximum microwave energy absorption when vector E is oriented in the radial 
5 direction. With the vector E orientation parallel to the rays and perpendicular to the main 
wood tissues, the ray cells will heat faster than the other tissues of the wood and absorb more 
energy which permits the destruction of the ray cells without the destruction of the main wood 
tissues. The present process may also enable a reduction in energy consumption. 

10 The dielectric properties of wood are dependent upon the vector E orientation to the main 
wood tissue direction. The dielectric loss factor of moist wood when vector E is oriented 
parallel to the main wood tissues has a value about 1.6 to 2.2 times higher than when vector 
E is oriented perpendicular to the tissues. Furthermore, the microwave penetration depth 
decreases about 1.5 to 2 times when the orientation of vector E is changed from perpendicular 

15 to the main wood tissues to parallel to the tissues, and the absorption ability of wood 
increases correspondingly. Accordingly, the effects of applying the microwave energy to the 
wood can be controlled by moving the vector E orientation between the preferred 
perpendicular direction to the wood tissues and parallel to the wood tissues. 

20 The use of microwave energy for increasing permeability is most efficient at elevated 
temperature, and advantageously the method of the invention is performed at a wood 
temperature of about 80 to about 1 10°C, preferably about 90 to about 100°C. The wood may 
be heated by any suitable means, for example by convection, contact or electroconductive 
methods. Advantageously the wood is heated by means of microwave energy, for example 

25 at a frequency range of about 0. 1 to about 24 GHz with a power intensity of from about 0. 1 
to about 10 W/cm 2 . The microwave preheating may be carried out over any suitable period, 
for example from about 20 to about 600 seconds. 

In order to increase the effect of the selective influence of microwave energy on ray cell 
30 destruction or resin softening, it may be advantageous at wood temperatures above about 
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100°G to use energy impulses with high energy density. This may help to avoid overheating 
the body of the wood. 

During high intensity microwave treatment, the surface of timber may be overheated and 
5 carbonised. To alleviate this, it is desirable to cool the surface using gas or air flow, 
preferably at speeds of not less than 1 m/sec, more preferably not less than 2 m/sec. applying 
gas or air flow to the surface of the wood may also advantageously remove vapours, dust and 
moisture from the zone of irradiation and may also avoid moisture condensation in the 
microwave applicator. 

10 

For uniform modification, wood may be moved through the zone of microwave irradiation 
at a constant speed with irradiation with microwaves of particular frequencies. In some cases, 
it may be advantageous to provide wood having treated and untreated zones, or zones with 
varying degrees of treatment and, therefore, with varying permeability. To control wood 
15 modification, whether uniformly or non-uniformly, the intensity and frequency of microwave 
irradiation can be altered during a treatment as required to provide the desired effect. This 
will be readily determined by those skilled in the art. 

According to another aspect of the invention there is provided a wood-based material formed 
20 by microwave treatment of an untreated wood having a moisture content (based on dry- 
weight) of at least 15%, the wood-based material having a multitude of cavities primarily in 
the radial-longitudinal planes thereof formed by the fall or partial destruction of ray cells and 
by expanding destroyed rays to cavities during the microwave treatment of the untreated 
wood, and having permeability in radial and longitudinal directions which is at least 5 times 
25 that of the untreated wood, wherein the overall integrity of the untreated wood is substantially 
maintained in the wood-based material. 

The wood-based material may be uniform in permeability having the multitude of cavities 
spaced evenly throughout the body of the material. However, in another embodiment, the 
30 wood-based material has regions which have a high density of the cavities alternating with 
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regions which have a low density of the cavities or which do not include any of the cavities. 
More particularly, the alternating regions may alternate in the longitudinal, radial and/or 
tangential directions of the wood-based material. Furthermore, the alternating regions may 
be selectively formed in the wood-based material, or may be random. The particular 
5 arrangement of these regions will generally depend on the anticipated use of the final product. 

The increase in permeability of the wood-based material compared with the untreated wood 
is quite marked. As such, the uptake of treatment solution by the wood-based material is also 
dramatically increased compared with the untreated wood. Generally, the wood-based 

10 material will have a treatment solution uptake of from about 120 to about 550 f/m 3 . More 
particularly, the wood-based material will have a copper-chrome-arsenic solution uptake of 
from about 190 to about 520 ?/m 3 . Additionally, the wood-based material according to the 
invention preferably has a good uptake of treatment materials such as, for example, creosote. 
Preferably, after 30 minutes soaking in creosote, the wood-based material according to the 

15 invention has an uptake of from about 115 to about 220 kg/m 3 . 

The overall integrity of the untreated wood is substantially maintained in the wood-based 
material according to the invention. That is, as discussed above, there is no significant 
destruction of cells of the main wood tissue in the wood-based material. However, there will 
20 generally be a reduction in mechanical properties of the wood-based material compared with 
those of the untreated wood. In particular, it can be expected that the wood-based material 
will have decreased modulus of elasticity (MOE) and decreased modulus of rupture (MOR) 
compared with the untreated wood, These factors will be taken into consideration and 
discussed in further detail in the following examples. 

25 

The present invention is suitable for round wood, lumber, beams and other timber and blanks 
of different forms. The method of increasing wood permeability can be used before any 
drying of the wood. The method is suitable for any species of wood, but is especially suitable 
for hard drying species with a high volume of ray cells, such as English oak. 

30 



BNSDOCID: <WO. 



99642 13A1_IA> 



I 



WO 99/64213 



PCT/AU99/00443 



-10- 

The present invention will now be further described by way of example only with reference 
to the accompanying drawings in which: 

Figure 1 is a schematic view of apparatus for performing the process of the invention; 

Figure 2 is a photomicrograph at x 100 magnification illustrating the ray cells of 
5 radiata pine wood in tangential section; 

Figures 3 and 4 are photomicrographs at x 200 and 700 magnification, respectively, 
of radiata pine after microwave treatment in tangential section; and 

Figure 5 is a photomicrograph at x 20 magnification of a transverse section of wood 
after microwave treatment. 

10 

Referring to Figure 1, the apparatus 10 comprises a microwave generator 12 which directs 
microwave energy through a waveguide 14 perpendicular to a treatment path 16 defined by 
conveyor roller pairs 18 and 20 respectively upstream and downstream of the waveguide 14. 

15 The waveguide 14 opens to an upper side of the treatment path 16, and is connected with a 
water load 22 which absorbs microwave energy which passes through a length 24 of timber. 

■ 

The length 24 of timber is conveyed along the treatment path by the conveyor at a 
predetermined speed to give the desired treatment time opposite the waveguide 14. 

20 

The waveguide 14 directs microwaves perpendicularly to the length of timber as shown by 
arrows 26. Electric field strength vector E, therefore, is oriented perpendicularly to the 
length of timber (ie, to the main wood tissues). The orientation of vector E may be altered 
to parallel to the main wood tissues by electrical or mechanical means, as will be recognised 
25 by those skilled in the art. 

Referring now to Figures 2 to 4, the tangential-longitudinal sections of the photomicrographs 
clearly illustrate the grain of the wood and the individual fibres (tracheids) 28 extending from 
left to right in Figures 2 and 3 and from top to bottom in Figure 4. Also clearly shown are 
30 numerous rays 30 extending approximately transversely to the section of the 
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photomicrographs. Figure 2 is a section of radiata pine taken prior to the microwave 
treatment, and the individual ray cells in each ray are clearly visible. 

In Figures 3 and 4 the sections are of wood which has been subjected to microwave treatment 
5 in the apparatus 10 at a frequency of 2.45 GHz, a microwave power intensity of 250 W/cm 2 
for a processing time of 7 seconds to destroy the individual ray cells and thereby increase the 
permeability of the wood. It is also clear from Figures 2 and 3 that the overall structure or 
integrity of the wood has been maintained. 

10 Resinous channels which extend in the radial-longitudinal planes of the wood have a high 
microwave absorption ability relative to the surrounding wood. Therefore, on microwave 
treatment the resin softens and melts and, under vapour pressure, is forced to the surface of 

> 

the wood leaving the channels vacant. At least a portion of the resin is also displaced through 
pores in adjacent wood cells. The vacant channels advantageously substantially increase the 
15 permeability of the wood and, therefore, the woods susceptibility to chemical penetration. 

In the transverse section of Figure 5, it is possible to see checks 32 which are formed in 
radial-longitudinal planes of radiata pine wood after the wood has been subjected to 
microwave treatment in the apparatus 10 at a frequency of 2.4 GHZ and power intensity of 
20 500 W/cm 2 for a duration of 8 seconds. 

EXAMPLES 
EXAMPLE 1 

25 

The influence of microwave treatment on modulus of elasticity (MOE) and maximum bending 
strength (modulus of rupture - MOR) was investigated on samples of Radiata pine and 
Messmate wood. The following results were obtained: 

30 
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Radiata pine 



Microwave treatment for increasing the permeability of Radiata pine at process parameters: 



5 MW frequency -0.922 GHz 

MW power - 18-36 kW 

Electric field strength vector E orientation - perpendicular to the grain 
Conveyor speed 16 mm/s 

Air temperature 100 - 120°C 

10 

It was found that increasing microwave intensity leads to a reduction in Radiata pine MOE 
and MOR (%) as represented by the following table: 



TABLE I 

15 MOE MOR 





Conv. speed 


Tangetial 


Radial 


Tangetial 


Radial 




(mm/s) 


dir. 


dir. 


dir. 


dir. 


Control 




100 


100 


100 


100 


18 kW 




74 


96 


77 


94 


27 


16 


62 


93 


65 


90 


36 


16 


51 


92 


54 


87 



Messmate 

25 Microwave treatment for increasing the permeability of Messmate wood at process 
parameters: 

MW frequency - 0.922 GHz 

MW power - 36- 57 kW 
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Electric field strength vector E orientation - perpendicular to the grain 
Conveyor speed 12 mm7s 

Air temperature 100 - 120°C 

5 It was found that increasing microwave intensity leads to a reduction in Messmate wood MOE 
and MOR (%) as represented by the following table: 



TABLE 2 



r 

r 

i 



10 



MOE 



15 





Conv. speed 


Tangetial 


Radial 




(mm/s) 


dir. 


dir. 
100 


Control 




100 


36 kW 


12 


83 


86 


48 


12 


77 


82 


57 


12 







MOR 

Tangetial & 
Radial dir. 

100 
85 
80 
76 



After microwave treatment the minimum reduction of strength properties (i.e. modulus of 
elasticity - MOE and modulus of rupture - MOR) were determined as follows (%): 



20 



25 



Radiata pine 
Messmate 



EXAMPLE 2 



XABLJL2 

MOE 

Tangential dir. Radial dir. 
26 4 
17 12 



MOR 

Tangetial dir. Radial dir. 



23 
15 



6 
15 



Permeability of Messmate wood prior to and after microwave treatment was also investigated 
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and the following results obtained: 



Messmate (moisture content 12%, oven dry density 740 kg/m 3 ) 



5 Coefficient of air permeability (cm3 (air)/cm atm): 
after microwave conditioning 291 - 1995 
control 1 .7 



Permeability increasing (times) - 171 - 1174 

10 

EXAMPLE 3 



Uptake of various wood types was investigated prior to and after microwave treatment and 
the following results obtained: 

15 

The permeability of wood is very variable therefore the quantity of CCA (copper-chrome- 
arsenic solution) uptake was used as an index of changing permeability after microwave 
treatment: 



20 Uptake (l/m3) after pressure impregnation 

Control After microwave conditioning 
Douglas fir heartwood 60 - 90 375 - 426 

Radiata pine 120 - 140 361 - 516 

Messmate 18 192 - 255 

25 Yellow Stringibark posts 46 340-400 



Uptake (kg/m3) after 30 minutes soaking in creosote 



Messmate 38 119-169 

30 Yellow Stringibark posts 55 162 - 220 
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EXAMPLE 4 

Debarked green log radiata pine having a diameter of 120 mm is prepared for impregnation 
5 with preservative by subjecting it to microwave treatment in the apparatus 10. A microwave 
frequency of 0.915 GHz is selected for industrial purposes as this frequency ensures uniform 
distribution of temperature in the cross-section of the log. 

The microwave power output of generator 12 is set at 50 kW to give an energy intensity of 
10 420 W/cm 2 , and the conveyor is set to give a processing time of 9 seconds, that is the time 
for each portion of the log to pass the microwave waveguide 14. 

EXAMPLE 5 

1 5 Sapwood pine lumber with a cross-section of 5 x 5 cm is prepared for impregnation using the 
apparatus 10 of Figure 1 at a frequency of 2.45 GHz, a microwave power output of 20 kW 
giving an energy intensity of 800 W/cm 2 , and a processing time of 3 seconds. 

In both of Examples 4 and 5, the permeability of the wood increased substantially without 
20 deteriorating the overall structure or integrity of the wood. 

Using the microwave treatment of the present invention it may be possible to increase the 
permeability of wood samples up to and above 100 times the permeability of the sample prior 
to treatment. For example, a sample of pine timber treated at a frequency of 2.4 GHz, power 

25 intensity of about 10 W/cm 2 for 35 seconds increases in temperature to 95-100 °C. After an 
additional 3 seconds treatment at a power intensity of about 500 W/cm 2 , ray cells are 
destroyed and resin softened and removed to form open pores and thin radial checks and 
cavities primarily in the radial-longitudinal planes of the sample. The permeability of the 
wood sample in the radial direction is approximately 120 times that of the original untreated 

30 sample. 
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The density of the wood following treatment, corresponding to the density of the wood-based 
material was found to decrease depending on the particular microwave treatment schedule. 
For Radiata pine, the reduction was found to be in the order of up to 15% for Douglas fir, 
up to 9.4% , and for Messmate, up to 13.4% . 

5 

Thus, it is possible to form a novel wood product, "Torgvin", which has a multitude of 
cavities disposed in radial-longitudinal planes thereof. Furthermore, materials may be 
produced having treated and untreated zones by irradiating selected areas of sample, or by 
using intermittent or pulse irradiation. Materials in accordance with the invention, or 
10 produced by the method according to the invention, advantageously have very high 
permeability, increased flexibility, altered shrinkage and mechanical properties and lowered 
densities as compared with the natural wood. 

Throughout this specification and the claims which follow, unless the context requires 
15 otherwise, the word "comprise", or variations such as "comprises" or "comprising", will be 
understood to imply the inclusion of a stated integer or group of integers but not the exclusion 
of any other integer or group of integers. 

Those skilled in the art will appreciate that the invention described herein is susceptible to 
20 variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications which fall within its spirit and 
scope. The invention also includes all of the steps, features, compositions and compounds 
referred to or indicated in this specification, individually or collectively, and any and all 
combinations of any two or more of said steps or features. 
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CLAIMS 

1 . A method for increasing the permeability of wood which comprises subjecting 
wood with a moisture content (based on dry weight) of at least 15% to microwave radiation 

5 at a frequency (f) in the range of from about 0.1 to about 24 GHz with a power intensity (p) 
from about 10 W/cm 2 to about 100 kW/cm 2 for a duration of from about 0.05 to about 600 
seconds to cause water in the wood to vaporise resulting in an internal pressure in the wood 
such that the permeability of the wood is increased by partial or complete destruction of ray 
cell tissue, softening and displacement of wood resin, formation of pathways in the radial 

10 direction of the wood and/or by creating, on the base of destroyed rays, cavities in the wood, 
said cavities being primarily in radial-longitudinal planes of the wood, and wherein the 
overall integrity of the wood is substantially maintained. 

2. A method according to claim 1 , wherein the electric field strength vector E of 
said microwave radiation during treatment of the wood is oriented perpendicularly to the 

15 wood grain and preferably parallel to the radial direction of the wood. 

3. A method according to claim 1, wherein the electric field strength vector E of 
said microwave radiation during treatment of the wood is alternated between perpendicular 
and parallel orientations relative to the wood grain. 

4. A method according to claim 1, wherein the wood is subjected to more than 
20 one microwave frequency and/or power intensity in a single treatment to provide treated 

wood having regions of differing or uniform permeability. 

5 . A method according to claim 1 , wherein the microwave radiation is applied 
to the wood as impulses of predetermined duration and separated by set time intervals or as 
random impulses to provide treated wood having treated and untreated regions. 

25 6. A method according to claim 1, wherein the wood, prior to irradiation, has a 

moisture content in the range of from about 15% to about 200% based on the dry weight of 
the wood. 

7. A method according to claim 1, wherein the duration of the microwave 

* 

irradiation is less than 250 seconds. 

30 



99642 13A1 IA> 



WO 99/64213 



PCT/AU99/00443 



-18- 

8. A method according to claim 7, wherein the duration of the microwave 
irradiation is from about 1 to about 20 seconds. 

9. A method according to claim 1, wherein the irradiation of the wood is 
performed at a wood temperature of about 80 to about 110°C. 

5 10. A method according to claim 9, wherein the wood is heated by convection, 

contact or electroconductive methods, or by means of microwave energy. 

11. A method according to claim 1, wherein during the microwave irradiation the 
surface of the wood is subjected to gas or air flow at speeds of at least 1 m/sec. 

12. Wood when treated by a method as defined in any one of claims 1 to 11. 

10 13. A wood-based material formed by microwave treatment of an untreated wood 

having a moisture content (based on dry weight) of at least 15 % , said wood-based material 
having a multitude of cavities primarily in the radial-longitudinal planes thereof formed by 
the full or partial destruction of ray cells and by expanding destroyed rays to cavities during 
said microwave treatment of the untreated wood, and having a permeability in radial and 

15 longitudinal directions which is at least 5 times that of the untreated wood, wherein the 
overall integrity of the untreated wood is substantially maintained in the wood-based material. 

14. A wood-based material according to claim 13, having regions which have a 
high density of said cavities alternating with regions which have a low density of said cavities 
or which do not include any of said cavities. 

20 15. A wood-based material according to claim 14, wherein said alternating regions 

alternate in the longitudinal, radial and/or tangential directions of said wood-based material. 



BNSOOCID: <WO. 



.996421 3A1 J A> 



WO 99/64213 



PCT/AU99/00443 




Substitute Sheet 
(Rule 26) RO/AU 

BNSOOCID: <WO 9G64213A1_IA> 




28 




Substitute Sheet 
(Rule 26) RO/AU 



BNSDOCID: <WO 996421 3A1_IA> 



WO 99/64213 



PCT/AU99/00443 



3/5 





Substitute Sheet 
(Rule 26) RO/AU 

BNSDOCID: <W O 996421 3A1 IA> 



WO 99/64213 PCT/AU99/00443 



4/5 



s 



J 

I 




Substitute Sheet 
(Rule 26) RO/AU 

.« •.* 

BNSDOCID: «WO 8964213A1_IA> 



WO 99/64213 



PCT/AU99/00443 



5/5 




checks 



BNSDOCID; <WO 996421 3A1_IA> 



Substitute Sheet 
(Rule 26) RO/AU 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/AU 99/00443 



CLASSIFICATION OF SUBJECT MATTER 



Int Cl 6: B27K 5/00, 5/06, H05B 6/78 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 As above 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NIL 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

DERWENT ON-LINE WPAT IPC AS ABOVE WITH KEYWORDS; WOOD; LUMBER; TIMBER: PINUS, 
PINE, MICROWAVE, EM, ELECTROMAG: RADIAT: IRRADIAT: 



C. 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 3707042, Al (Desowag Materialschutz GmbH) 1 October 1987 
Claims; column 5, lines 41-57 



Dement WPAT on line Abstract Accession No.84-027441, JP 58-219005, A, 
(Matsushita Elec. Works) 20 December 1983 
Whole Document 

Patent Abstract of Japan, JP. 10-071608, A (Tesac Corp.) 17 March 1998 
Whole Document 



1-15 



1-15 



1-15 



|x"j Further documents are listed in the 
continuation of Box C 



fx] See patent family annex 



"A" 
«0* 

iipn 



Special categories of cited documents: 

document defining the general state of the art which is 
not considered to be of particular relevance 
earlier application or patent but published on or after 
the international filing date 

document which may throw doubts on priority claim(s) 
or which is cited to establish the publication date of 
another citation or other special reason (as specified) 
document referring to an oral disclosure, use, 
exhibition or other means 
document published prior to the international filing 
date but later than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot 
be considered novel or cannot be considered to involve an 
inventive step when the document is taken alone 
document of particular relevance; the claimed invention cannot 
be considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
it member of the same patent family 



Date of the actual completion of the international search 
1 July 1999 



Date of mailing of the international search report 

0 9 JUL 1999 



Name and mailing address of the ISA/AU 
AUSTRALIAN PATENT OFFICE 
PO BOX 200 
WODEN ACT 2606 
AUSTRALIA 

Facsimile No.: (02) 6285 3929 



Authorized officer 



MR KIM WELLENS 

Telephone No.: (02) 6283 2162 



Form PCT/ISA/2 10 (second sheet) (July 1 998) 



. <wo. 



,896421 3A1 J A> 



INTERNATIONAL SEARCH REPORT International aoolication No 

PCT/AU 99/00443 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to 
claim No. 


A 

* 


US 5075131, A, (Hattori et al.), 21 December 1991 
Whole Document 

• 

* 

i • 

! * 


1-15 



Form PCT/ISA/2 1 0 (continuation of second sheet) (July 1 998) 



BNSOOCID: <WO. 9984213A1 JA> 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



International application No. 
PCT/AU 99/00443 



This Annex lists the known "A M publication level patent family members relating to the patent documents cited 
in the above-mentioned international search report. The Australian Patent Office is in no way liable for these 
particulars which are merely given for the purpose of information. 



Patent Document Cited in Search 
Report 




Patent Family Member 




DE 


3707042 








JP 


58-219005 








US 


5075131 JP 


2235702 


CA 2011894 


END OF ANNEX 



II 

'I 



Fonn PCT/ISA/210 (extra sheet) (July 1998) 



BNSDOCID: <wo. 



.99842 13A1_IA> 



